Objective: To determine the effect of out-of-hospital mannitol administration on systolic blood pressure (BP) in the head-injured multiple-trauma patient.
cranial pressure (ICP) with subsequent neutonal ischemia. Published recommendations for the management of elevated ICP include endotracheal intubation and hyperventilation followed by IV administration of mannitol only when elevated ICP is proven or strongly susp e~t e d .~.~ However, some physicians are concerned about possible hemodynamic instability, which might result from the osmotic diuresis following mannitol administration in a multiple-trauma patient.' Based on this concern, some trauma systems discourage the use of mannitol prior to volume resuscitation and stabilization of the patient. There are few data to support the recommendation to withhold mannitol, and this approach may deprive head-injured patients of beneficial Previous studies involving mannitol administration have been conducted in the intensive care unit (ICU). operating theater, and ED. Little work has focused on the use of mannitol before hospital arrival.
The purpose of this study was to assess the safety of niannitol administration to the head-injured multipletrauma patient in the out-of-hospital emergency care setting. We hypothesized that early administration of mannitol in the out-of-hospital setting would have no effect on the systolic blood pressures (BPs) of head-injured multiple-trauma patients.
I METHODS

Study Design
This was a prospective, randomized, double-blind, placebo-controlled clinical trial of the effect of mannitol on systolic BP in multiply injured patients with severe head injuries. The research protocol was approved by the University of Cincinnati Institutional Review Board (IRB), with a waiver of prospective informed consent. If they were available, the patient's family were apprised of the study as soon as possible after hospital arrival.
Setting and Participants
Specific trauma patients who were being transported by a university hospital-based helicopter air medical service to that hospital's level-1 trauma center from November 22, 1991 , through November 20, 1992 , were considered for enrollment. The air medical service transports approximately 625 trauma patients per year. Eligibility for entry into the study was determined by the flight crew. The flight team consisted of an experienced flight nurse and an emergency medicine (EM) resident physician. The flight crew was able to perform endotracheal intubation followed by hyperventilation with a portable ventilator after loading the patient into the aircraft. In addition, the medical team camed non-crossmatched blood for administration to patients with hemorrhagic shock.
Head-injured patients were eligible for inclusion if they had a Glasgow Coma Scale (GCS) score c 12, had IV access, had airway control with an endotracheal tube, and were being hyperventilated. In addition, they had to be entered into the study within 6 hours of injury.
Patients were excluded if they were <18 years old, had received mannitol or another diuretic since the time of the traumatic incident, or were undergoing CPR. At the request of the IRB, women 4 0 years old were excluded, unless their medical records clearly documented a previous tuba1 ligation or hysterectomy.
Experimental Protocol
As soon as possible after intubation and stabilization of the patient's airway and breathing, the study solution was administered. Patients were randomized to either control or treatment groups by block randomization. The control group received 5 m L k g of 0.9% saline solution (308 mOsmoVL), while the treatment group received 5 mLkg of 20% mannitol (1,098 mOsmoYL). The latter volume of solution provides a dose of 1 g k g of mannitol. The study solution was administered as rapidly as possible through a blood filter into a large-bore IV catheter. The flight crew was instructed to pump the solution into the patient so that it would be administered over as little as 5 minutes.' No additional mannitol or other diuretic was administered during the remainder of the transport.
The study solutions were prepared by the pharmacy department and were identified by a code number. An envelope showing the code number identified the contents of that IV bag. If the treating physicians at the receiving trauma center believed it was necessary to know whether the patient had received mannitol or placebo, the envelope could be opened.
Measurements
Data were collected just prior to and immediately after administration of head injury solution, at least every 15 minutes during transport, upon arrival in the ED, and every 15 minutes thereafter for 2 hours. Each data set included time of day, systolic and diastolic BPs, heart rate, respiratory rate, airway status (controlled or spontaneous respirations), IV solution(s) being infused, volume infused, and flow rate. In addition, GCS scores were obtained on initial patient contact, upon arrival in the ED, and at the end of the 2-hour study period. All the patients received Foley catheters, and urine outputs were recorded with the E D data sets. At the end of the 2-hour observation period, the results of arterial blood gases (ABGs), electrolytes, and CT scans were recorded. The presence or absence of inflated pneumatic antishock garments was recorded as well. Other data collected by chart review included whether the patient survived to hospital discharge, ICP monitoring data, and other neurologic procedures and diagnostic tests performed. Injury Severity Scale (ISS) scores using the AIS-90 classification were calculated by an experienced trauma registrar, based on injuries discovered during the patient's hospitalization or autopsy." The TRISS method was used to predict the probability of survival."
Data Analysis
The treatment groups were compared for baseline parameters, as well as primary and secondary endpoints. The primary study endpoint was the change in systolic BP during the 2-hour observation period. Secondary endpoints included a change in pulse rate, the volume of IV solution administered, and urinary output. A total of 44 patients were enrolled in the study. However, 3 patients were excluded from analysis for the following reasons: the study solution infusion was discontinued by the attending emergency physician prior to completion because he did not believe that the patient had a head injury (n = 1); the patient received a dose of furosemide prior to enrollment (n = 1); and the patient was found to have had a hemorrhagic stroke rather than a head injury (n = 1). The latter patient was found unresponsive in her vehicle after a minor traffic collision. She was taken to an outlying hospital and then transferred to the trauma center. Because of her depressed mental status with a GCS score of 3, she was assumed to have a head injury and was entered into the study. This patient received normal saline. After arrival at the trauma center, a CT scan of the brain revealed that she had an intracerebral hemorrhage consistent with a spontaneous bleed. No injury was identified.
All the patients who were not intubated before flight team arrival were intubated prior to administration of the study fluid. Of the remaining 41 patients, 20 received mannitol and 21 received placebo. The groups were similar with regard to age and baseline pulse, systolic BP, and GCS score (Table 1) . No difference was found between the mannitol and placebo groups in overall ISS score or head injury severity as measured by the injury scale for head and neck (Table 2) . Mortality was 25% in the mannitol group and 14% in the placebo group (p = 0.38 by Fisher's exact test). Table 3 describes the types of head injuries found in the enrolled patients.
The systolic BP did not change significantly during the 2-hour observation period (Fig. 1) . Two hours after hospital arrival, systolic BP was lower in the mannitol group than in the placebo group (1 16 2 24 mm Hg vs 142 5 25 mm Hg, p < 0.003). However, when all time periods (including baseline values) were compared using ANOVA, there was no overall difference in systolic BP between the mannitol and placebo groups. There were 6 patients in the mannitol group and 3 patients in the control group who were hypotensive, with systolic BPs <90 mm Hg at the time of entry into the study. Figure 2 details the courses of these 9 patients during the observation period. Two initially hypotensive patients in both the mannitol and the placebo groups died.
The patients' pulse rates did not change significantly, and there was no difference found between the mannitol and placebo groups at any time (Fig. 3) . There was no difference in study volume administered to the groups: the mannitol patients received 428 2 61 mL and the placebo patients received 410 2 73 mL of study fluid. Overall, the mannitol patients received 4,360 t 4,520 I mL of IV fluid over the 2 hours, while the control patients received 2,530 2 1,110 mL of IV fluid (p = 0.20) (Fig. 4) . The variance in overall volume administered was significantly greater for the mannitol group (F = 16, p c 0.001). This large variance is due in part to 1 patient in the mannitol group who received 17,500 mL of IV fluid (including 6 units of blood) for ongoing hemorrhage, while having a urine output of only 15 mL over the 2-hour monitoring period. Using the TRISS methodology, both groups had better than expected outcomes, although the distribution of ISS scores did not march the Major Trauma Outcome Study (MTOS) norms." The mannitol group Z-score was -2.6; and the placebo group Z-score was -3.3.
A post-hoc power analysis was performed. Using the means and SDs found in the study sample, there was an 83% chance of detecting a fall in mean systolic BP to <90 mm Hg.
During the 2-hour monitoring period, the treating physicians requested that the identity of the study fluid be unblinded for 2 patients (11%) who had received mannitol and 3 patients (15%) who had received placebo.
At the conclusion of the 2-hour monitoring period, the EM resident and the investigator recording the patient data were asked to provide their guesses as to whether mannitol or placebo had been administered to the patient. For those patients actually given mannitol, the resident correctly picked mannitol in 11 of 13 cases for which a guess was given; and the investigators correctly picked mannitol in 13 of 14 cases. For those patients actually given placebo, the resident correctly picked placebo in 5 of 10 cases for which a guess was given; and the investigators correctly picked placebo for 13 of 16 cases.
I DISCUSSION
Mannitol has been shown to have a number of effects that are likely to be beneficial in the brain-injured patient. Its precise mechanism of action is unclear, but it is likely more complex than simply lowering ICP by dehydrating brain tissue. Mannitol may have a cerebroprotective effect by limiting secondary ischemic injury,', and it may improve cerebral perfusion by decreasing blood vis~osity.'~,'~ Mannitol also may decrease the for- mation of cerebrospinal fluid.I5 It is clear that administration of mannitol carries some risk of adverse effects such as acute renal failure,I6 and transient hypotension lasting <5 minutes has been reported after very rapid administration of mannitol in the operating suite.I7 Multiple doses of mannitol may actually increase water content in injured cerebral tissues because the blood-brain barrier is disrupted.I8
Few studies have examined the use of mannitol prior to hospital arrival of the head-injured patient. We attempted to examine the safety of out-of-hospital administration of mannitol in multiply injured patients with head injuries. Data from this pilot investigation suggest that out-of-hospital mannitol administration does not significantly change systolic BP in head-injured multipletrauma patients. There is an insufficient number of patients in this pilot study to assess whether out-of-hospital mannitol administration to head-injured patients with other concomitant injuries is beneficial overall.
This investigation was initiated because some physicians have expressed concern that empiric administration of IV mannitol may adversely affect a trauma patient's hemodynamic status. Specifically, they suggest that mannitol administration may cause hypotension and further compromise cerebral perfusion.'
Based on this concern, many centers administer mannitol only after directly measuring ICP. However, in a study designed to assess the impact of ICP monitoring on outcome from severe head injury, no difference in outcome was found between ICU patients receiving empiric mannitol and those receiving mannitol only for documented ICPs > 25 mm Hg." Since there was not a placebo control in that study, it is unknown whether mannitol administration was detrimental or beneficial for both those patients with very high ICPs and those with lesser degrees of ICP elevation. If mannitol were of benefit for patients with mild elevations in ICP, a more liberal policy of mannitol administration would be generally beneficial.
It is commonly taught that mannitol should be given only when hyperventilation has been tried and failed to produce the desired reduction in ICP.20 However, there is evidence that prolonged hyperventilation is harmful and that relative normocapnia such as found in our patients is desirable.2'.22
Animal research suggests that mannitol administration improves hemodynamic parameters. In a dog model of concomitant increased ICP and hemorrhagic shock, administration of mannitol significantly decreased ICP while simultaneously increasing mean arterial pressure (MAP).23 Other animal hemorrhage studies also have demonstrated that mannitol administration increases BP, although, unlike solutions containing dextran 70, the hypertensive effect is not maintained."-26 Our data support the conclusions of these animal studies that mannitol does not have an adverse effect on systemic hemodynamic parameters such as systolic BP or pulse rate.
Mannitol administration in an ICU setting does not appear to adversely effect h e m~d y n a m i c s .~~ In a study of 16 ICU patients with elevated ICPs, Rosner and Coley demonstrated that when cerebral perfusion pressure (CPP) was compromised (<70 mm Hg), administration of mannitol resulted in an increase in MAP, a decrease in ICP, and an improvement of CPP. For patients with CPPs >70 mm Hg, mannitol was found to have little effect on any hemodynamic parameter.28
Because empiric administration of mannitol to ICU patients does not appear to be harmful and because others have found evidence for improved outcome when mannitol and endotracheal intubation were used,29 a policy of empiric mannitol administration in the out-of-hospita1 setting to trauma patients with evidence for head injury might be beneficial. The purpose of our study was to test whether empiric out-of-hospital administration of mannitol was safe, before proceeding with a future trial to demonstrate efficacy.
This study demonstrated that out-of-hospital administration of mannitol to trauma patients with abnormal GCS scores did not adversely change systolic BP. During the observation period, there was no significant difference from baseline in either the mannitol or the placebo group. Supporting evidence that there was no significant hemodynamic effect is provided by the fact that there was no difference between the mannitol and the control groups' pulse rates during the observation period. Before application of the results of this study, its limitations must be considered. First, the study was not designed to detect differences in mortality rates. Given the overall mortality rate of 20%, 1,447 patients would be needed in each group to detect an absolute mortality difference of 4%. Second, some might argue that the most sensitive hemodynamic parameter to follow in trauma patients is the diastolic BP. In both out-of-hospital care and ED care of these unstable trauma patients, BP was frequently measured using palpation techniques or Doppler stethoscopes. Therefore, the diastolic BP was not regularly obtained. Systolic BP is currently the most practical and frequently followed hemodynamic parameter in out-ofhospital and ED trauma patients.
I LIMITATIONS AND FUTURE QUESTIONS
Third, this study was limited by the fact that we included patients with blunt and penetrating head injuries. Penetrating-head-injury patients with GCS scores of 3 have essentially 100% mortality, and these patients probably should be excluded from future investigations. A reanalysis of the data with the 3 penetrating trauma pa-tients excluded reveals a mortality rate of 17% vs 10% (mannitol vs control).
Some readers might question the dose of mannitol used for the study. Mannitol usually is administered in doses from 0.25 g k g to 1.0 g k g . In a study by Marshall et al., a dose of 0.25 g k g produced the same reduction in ICP as did higher doses.30 In contrast, Roberts et al. demonstrated a dose-dependent effect of mannitol on ICP red~ction.~' Other studies suggest that a higher mannitol dose is needed to elevate cardiac output and BP (e.g., 0.5 g/kg,32 0.72 g/kg,24 1.0 gJkg,*' and 2.0 g l l~g~~) . Because it is unclear how much mannitol is needed to produce maximal reduction in ICP and because higher doses of mannitol appear to elevate MAP under some circumstances, a dose of 1.0 g k g was chosen for use in this trial in hopes of empirically optimizing CPP.
Nine patients in this study were hypotensive at the time of enrollment. However, as demonstrated in Figure  2 , no consistent effect on systolic BP was seen for these patients. Of note, 2 (both control patients) did not survive the 2-hour observation period. A larger study of initially hypotensive patients is warranted, especially in light of recent animal evidence that administration of hypertonic fluids may improve hemodynamics in head injury with concomitant hemorrhagic and in light of recent clinical data that normal saline administration to victims of penetrating torso trauma is not ben- Out-of-hospital administration of 1 .O g k g of mannitol to the multiple-trauma patient with head injury is not associated with any significant change in systolic BP or pulse rate. Before routine out-of-hospital administration of mannitol to all head-injured, multiple-trauma patients can be recommended, larger clinical trials are needed to determine the effect on neurologic outcome and mortality.
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